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EXPOSURETO PERSISTENT
ORGANOCHLORINES AMONG ALASKA
NATIVEWOMEN

ABSTRACT . Carol H. Rubin’, Anne
Objectives: To report the levels of DDT, DDE, other chlorinated

. . I
pesticides, and PCBs found in 131 Alaska Native women who had LGTIIGI'Z, Marie SOde ,]Ohn

serum samples collected between 1980 and 1987 and to compare 1 . . 1
these levels to other published studics of DDE and PCB exposure W BTOCk ’ Stepbame KIGSZGk

among U.S. women. and Sheha Zabm3

Study Design: Review of data collected during a case-control study

of the relationship between organochlorine chemicals and breast

cancer. Data for case and control women werc pooled in this analysis
because case-control differences were found to be minimal and be-
cause serum samples pre-dated cancer diagnoses by 3 to 10 years,

Resylts: More than 99% of the women had detectable levels of p,p-
DDE (mean 9.10 ng/mL or ppb). Mean total PCB level was 7.56
ppb. Levels of exposure varied by geographical location and ethnic
identification, which may be a reflection of dietary diffcrences.
Five of the organochlorines were detected in at least half of the
study population. Results were recalculated using detection limits
corresponding to other published studies of DDE and PCR levels
in U.S. women. Alaska women had levels similar to thosc reported
from New York women collected in the 1980s. We compared the
PCB congener levels measured in Alaska Native women with levels

reported in Arctic animals and found similar PCB congener pro-
_ files. The six most frequently detected contaminants in Alaska Na-

" National Center for Environmental

tives were also detected in the marine mammal samples reported
by Becker ct al (5).

Conclusions: Our study identified widespread Alaska Native cxpo- Health, Centers for Disease Control and
sure to organochlorines that originated outside of the Arctic, a

finding also scen in other studies. Our results provide a reference Prevention, Atlanta, GA
baseline for exposure levels during the 1980s, but further research
Is necessary to assess temporal trends in exposure among Alaska
Natives. Further, the need for national and international inter-lab-
oratory standardization for testing for persistent organochlorines
to facilitate comparisons between Alaska Natives and other Ameri-
can populations is clearly demonstrated. (Int j Circumpolar Health
2001;60: 157-169) 3 National Cancer Institute, National

? Alaska Native Health Board,

Anchorage, AK

Key words: organochlorines, Alaska Natives, subsistence diet, DDE, PCBs, ) ‘
Arctic pollutants Institutes of Health, Rockville, MD
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Man-made chemicals that originate outside the arctic are
found in Alaska. These chemicals volatilize in warmer climates,
drift in the atmosphere, precipitate out upon reaching colder
climates and are deposited in cold northern regions (/-3).
The most frequently identified chemicals are classified as or-
ganochlorines, persistent organic pollutants (POPs), or polyh-
alogenated diaromatic hydrocarbons (PHDHSs). Examples of
these chemicals include 2,2-bis(p-chlorophenyl)-1,1.1-trichlo-
roethane (p,p-DDT) and its breakdown product, |,1-dichlo-
ro-2,2-bis (p-chlorophenyl)-ethylene (p,p-DDE), as well as
other pesticides and the many congeners of polychlorinated
biphenyls (PCBs). Although most of these chemicals have
been banned in the United States since the early 1970s, they
are still manufactured and used internationally (4).

It is presumed that Alaska Natives are exposed to these
environmental contaminants because their subsistence diet
includes marine mammals with documented high tissue levels
of these chemicals. Longitudinal sampling of whales, seals, and
walrus points to the bicaccumulation and biomagnification of
POPs within the subsistence food chain in Alaska (2.5). The
purpose of this paper is to present results from the first anal-
ysis of organochlorines in serum collected from Alaska Na-
tives and to compare these to levels found in women in the
continental US. and to PCB congener profiles found in Arctic
marine mammals.

Origin of Arctic Pollutants

Quantifiable levels of organochlorine chemicals exist in the
Alaska environment. Some accumulation of these man-made
chemicals can be attributed to local pesticide application or
to Alaska-based occupational use of organic chemicals. DDT
was used as early as 1948 for the control of mosquitoes and
black flies in the Yukon (6), and other organochlorinated pes-
ticides may also have been used at military bases in Alaska (5).
PCB exposure may have resulted from PCBs released from
industrial sources (e.g., power stations and mines) and from
the use of PCB-laden oil for dust control on dirt roads (6).
Although PCB use in manufactured electrical products was
discontinued in 1977 in the United States (7.8), this com-
pound is still found in products produced prior to the ban (/).
Most of the chemical pollutants in Alaska's environment,
however, appear to originate in areas far from the Arctic. The
process by which these contaminants are transported to and
deposited in Alaska is called atmospheric or geographic drift
(3,9). This process involves the volatilization of chemicals
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used in warmer climates, movement of these chemicals via air
or water currents, and the deposition of these chemicals in
colder climates. Pollutants arrive in Alaska via atmospheric
and oceanic transport from industrialized and developing re-
gions (6,10).When they reach cooler northern regions, these
chemicals are likely to precipitate out of the atmosphere and
contaminate water and land areas or bioaccumulate in ma-
rine species (6,11).

The accumulation of organochlorine chemicals in marine
mammals was recorded as early as 1970 when DDT was
found in the blubber of Baltic ringed seals sampled from Arc-
tic regions (/2). By 1980, PCBs had been detected in many
Arctic animals (6, /3-18). PCBs are lipophilic chemicals that
bioaccumulate in the fat stores of animals and humans. Body
burdens increase with age because elimination of these
chemicals is slow. For most of these chemicals, excretion oc-
curs primarily via lactation, with minimal loss through fecal
and urine output (7).

The subsistence diet for Alaska Natives (i.e., Eskimos, Indi-
ans, and Aleuts who originally occupied the geographical re-
gions now known as Alaska) includes marine mammals in
which persistent organic pollutants may bicaccumulate (19).
Although environmental and animal levels of contamination
are declining in industrialized temperate countries, temporal
trends of contaminant levels in circumpolar countries are in-
consistent and in need of study (4, 6, 10, 20-24).

METHODS

The Centers for Disease Control and Prevention (CDC), the
National Cancer Institute (NCI), and the Indian Health Ser-
vice (IHS) collaborated with the Alaska Area Native Health
Service (AANHS) to conduct an age-group-matched case-
control study of the relationship between exposure to orga-
nochlorine chemicals and breast cancer among Alaska Native
women. The study included analysis of 131 stored serum
samples collected during an Alaska-wide serosurvey for Hep-
atitis B conducted in the mid-1980s. Excess serum from that
survey was frozen and is held at optimal conditions as part of
the CDC's Arctic Investigations Program. Sixty-six case wom-
en were identified from the Alaska Area Native Health Cen-
ter Cancer Registry and | ml samples of their stored serum
were withdrawn from the serum bank; 66 control women
were identified whom also had samples stored at the serum
bank. Women were selected as controls if they had a stored
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serum sample that was drawn the same year as the samples
from case women, were within 5 years of the age of the
matched case, and were alive and cancer-free at the time of
the case woman's cancer diagnosis. No information was
available concerning diet or lactation history. All personal
identifiers were removed prior to laboratory analysis. At the
time that serum was drawn, the mean age of the 131 women
who had sufficient serum for laboratory analysis was 57 years.
In this manuscript, we pooled data for case and control wom-
en because case-control differences were found to be mini-
mal and because serum collection pre-dated cancer diag-
noses by 3 to 10 years (unpublished data).

Our study population (n=131) was grouped into 3 ethnic
categories in order to maintain the anonymity of individuals
enrolled into the study. Eighty-three (63.4%) of the women
were Eskimo, 22 (16.8%) were Aleut, and 26 (19.8%) were
American Indian. Of the |31 study subjects, |25 were born
in one of the four geographical regions of Alaska (i.e., south
central Alaska (Anchorage service area), northwestern Alas-
ka (Barrow, Kotzebue and Norton Sound combined service
areas), southwestern Alaska (Yukon Kuskokwim and Bristol
Bay combined service areas) and interior Alaska (Interior
Alaska service area) (Figure ). Of the six women not born in
Alaska, one was born in the lower 48 states and 5 could not
be determined (Table 1). For the 125 women born in Alaska,
there was a strong correlation (r=0.84) between geographic
location at birth and geographic location at time of serum
draw (p< .0001). Most Eskimo women originated from
northwestern and southwestern Alaska. The majority of Indi-
an and Aleut women were born in south central Alaska.

Laboratory Methods

The serum samples were analyzed at the laboratories of
CDC's National Center for Environmental Health (NCEH) in
Atlanta. We measured DDT and its metabolite DDE, 1 3 oth-
er persistent pesticides, and polychlorinated biphenyls (PCBs)
according to previously published methods (26). A reagent
blank and a quality control sample were added to each batch
of 10 submitted samples. Each sample was extracted by sol-
id-phase extraction and then analyzed on two separate gas
chromatographs with electron capture detection. The two
chromatographs used two different columns (DB5 and
DBI701) in order to reduce detection interferences and im-
prove selectivity.

Serum samples were also analyzed for cholesterol and
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Methods Used to Select Referent
Studies

We used several different approaches to gain perspective on
the interpretation of cur analytic resuits. We restricted our
comparison to published manuscripts that described studies
in which samples were collected around the same time, from
women of the same age (+ 10 years), and analyzed and statis-
tically corrected in the same manner as were the samples
collected from Alaska Native women in our study. First, we
compared our results with those from another study that
used the same analytical laboratory that we did and therefore
employed the same analytical method. Second, we compared
our results with those from previously published studies that
used varying laboratory techniques, including different analyt-
ical methods, lipid adjustment factors, recovery correction
reports, and limits of detection (LOD). To increase compara-
bility with data from these studies, we statistically reassessed
our results by applying the higher detection limits originally
used in several earlier studies (28, 29). For this re-assess-
ment, we set the detection limit for total PCBs at 2.0 ppb.
PCB congeners were summed, and if the sum met or exceed-
ed the detection limit of 2.0 ppb, we listed the actual value
obtained. If the value of the summed congeners did not
equal or exceed 2.0 ppb, then the individual value was labeled
as below detection limit and its value was treated as a zero.
The detection limit for p,p-DDE was set at 1.0 ppb which is
the limit used in the earliest reports (28, 29).

In generating comparison values from published case-
control studies, we calculated an overall arithmetic mean. We
also contrasted our resuits with published organochlorine
levels in marine mammais. No animal samples were collected
for our study. The presence of various organochlorines and
PCB congener profiles found in Alaska Native women in our
study were compared to reports from animal studies. We
used animal data collected by the Alaska Marine Mammal Tis-
sue Archival Project during the 1980s (2). We averaged seal
and whale levels from samples reported from northwestern
Alaska (Barrow, Nome, Point Hope, and Point Lay) and from
southwestern Alaska (St. Paul Istand) (Figure ). For our com-
parison, we calculated a species-specific mean for two geo-
graphic locations. All PCB congener values above the detec-
tion limit were summed and labeled as total PCBs.
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Referent

RESULTS

Five of the |5 organochlorine analytes were detected in 50%
or more of our study population. Table Il shows the percens-
age of women in whom these analytes were detected and
the specific recovery-corrected mean values; means were cal-
culated using the actual values obtained in al! 13! sudects.
We present both crude and lipid-adjusted ieve's in order to
faciimate comparison with other published data. The analyte
pp-DDE was found in 99.2% of the subjects at a mean value
of 9.10 ng/mL (lipid-adjusted mean 1395.74 ng/g lipid). Mean
total PCB was 7.56 ppb (lipid-adjusted mean 1153.07 ng/g
lipid); mean vaiues for the PCB congeners ranged from 0.18
ng/mL for congener 156 to 2.39 ng/ml for congener 153.
{Table Iy

gain perspective on
- We restricted our
at described studies
the same time, from
| analyzed and statis-
5 were the samples
our study. First, we
another study that
ve did and therefore
cond, we compared
iblished studies that
ding different analyt-
ecovery correction
> Increase compara-
atistically reassessed
tion limits originally

For this re-assess-

Table lf. Rank order listing of the 5 analytes found in at least 50% of the study population of 13! Alaska Native women. All values are
recovery corrected. Crude means (in ngimlL serum), lipid-corrected means (in nglg lipid), 95th percentiles, and standard deviations are
presented.

al PCBs at 2.0 ppb. Limit of Percent Mean* (sd) 95th percentile  Mean* (sd) 95" percentile
sum met or exceed- Detec- detect- Crude Values Crude Values Lipid-corrected Lipid-
ed the actual value tion able (ng/mL serum)  (ng/ml serum) (ng/g lipid) corrected
) (ng/g lipid)
congeners dld not - B o i T o T D
p.p-DDE 0.41 9.2 9.10 (4.73) 18.07 1395.74 (760.47)  2815.98
1al value was labeled
s treated as a zero., Hexachlorobenzene  0.05 9.5 2.58 (1.88) 6.05 389.52 (296.95) 95321
at 1.0 ppb which is Trans-nonachlor 0.19 702 0.96 (1.08) 3.02 149.89 (166.00) 515.94
29). Oxychlordane 0.3 59.5 0.56 (0.69) 2.04 85.97 (108.59) 32227
m published case- Dieldrin 0.15 527 0.26 (0.30) 0.88 3831 (42.80) 12425
rithmetic mean. We PCB Congeners:
red organochlorine
153 0.22 93.9 239 (2.H) 7.04 367.19 (333.48) 111871

ples were collected
rganochlorines and 138 0.16 847 115 (0.93) 3.10 174.67 (146.38) 464.13
ative women in our i18 0.16 74.0 0.84 (0.78) 2.20 127.02 (121.24) 373.40
animal studies. We 180 0.15 68.7 0.64 (0.66) 1.86 98.23 (10349) 298.87
“larine Mammal Tis- 74 0.13 59.5 025 (0.26) 0.76 37.33 (40.69) 11042
. ed seal

We averag 187 0.13 534 0.26 (0.33) 0.94 39.87 (52.61) 166.77
from northwestern

156 0.15 504 0.18 (0.20) 0.64 27.61 (31.98) 86.51

2oint Lay) and from
re 1). For our com-
mean for two geo-
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When we reassessed our results by applying the higher
tection limits originally used in some of the reference fiter-
2, Alaska Native women had an overall arithmetic mean
1 DDE level of 9.09 ng/mL (sd 4.74). The overall mean total
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PCB level was 7.20 ng/mL (sd 5.97). Table Il displays these
results in comparison to other studies that used these elevat-
ed levels of detection when measuring levels in similar-aged
women. In the study of women from Missouri, Dorgan used
the same laboratory that we did and also reported lipid-cor
rected results (30). These comparison data came from 200
women who had serum samples collected between 1977
and 1987 and stored in the Columbia Missouri Cancer Se-
rum Bank. The mean p,p-DDE level in this population was
21.09 ng/mL (sd 17.80), and the mean total PCB level was
3.20 ng/mL (sd 2.50) (Table lll). The other 2 studies inTable
3 did not identify which PCB congeners were used to calcu-
|late total PCBs; our study and the Dorgan study used the 28
PCB congeners footnoted in Table ll.

Table . Comparison of p,p-DDE and total PCB values in women from four different studies and from the general population
(NHANES 1l). Ali values have been calculated or recakulated using a 1.0 ng/mL (ppb) limit of detection for b,p-DDE and 2.0 ngimL
(ppb) for total PCBs. Mean values represent combined case and control data.

Study Overall Overall N Year of Sample  Study
arithmatic mean arithmatic mean total P CBs, (sd) area

p,p-DDE (sd), (ng/mL) (ng/ml)

Rubin et al 9.09 (4.74) 7.20 (5.97)° 134 1980 - 1987 Alaska
Dorgan et al 21.09 (17.80)° 3.20 (2.50)° 200 1977 - 1987 Missouri
Krieger et af 432 (17.55) 4.60 (1.54) 300 1964 - 71 California
Wolff et al 8.54 (7.44) 7.03 (3.24) 229 1985 - 91 fY\lev;:

or]

* represents recovery corrected data from this study

The reference studies did not cite which PCB congeners were used to caiculate total PCBs, nor did they specify recovery
correction status. For Rubin et al and Dorgan et al data, total PCBs were calculated as the sum of the PCB congeners 28, 52,
56, 66, 74, 101, 105, 110, 118, 138, 146, 153, 156, 170, 172, 177, 178, 180, 183, 187, 189, 193, 194, 195, 201, 203, and 206.
Congener 99 was not used in the calculation of total PCBs because the reagent blank run with this batch had traces of a peak
at the same time as PCB-99.

Another source of comparison data is the Environmental
Protection Agency's National Human Monitoring Program,
which measured general population exposure to various pes-
ticides using samples collected in the Second National Health
and Nutrition Examination Survey (NHANES 1), 1976-1980.
Data show that 99% of the U.S. population (women and men
combined) had been exposed to pp-DDE and that those ex-
posed had an overall median level ranging from 1 1.8 ng/mL to
126 ng/ml (31, 32).

Although corresponding geographical animal data are
sparse, we compared what was available to see if it reflected
the chemical exposure patterns observed among the Alaska
Native women. The animal data varied by location, but all of
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the samples contained detectable levels of the organochlo-
rine chemicals found in our human samples. The six contam-
inants most frequently detected in Alaska Natives were also
those most frequently detected in the marine mammal sam-
ples analyzed by Becker et al (2, 5) .The dominant PCB con-
geners in all of the marine mammal samples were congeners
153, 138,and 101, PCB congeners |53 and | 38 were domi-
nant in the Alaska Native population (Table 11.).

Results for the Alaska Native women by geographical area
are presented in Table V. For the most part, organochlorine lev-
els are higher in northwestern and southwestern areas than in
south central or interior Alaska. Mean PCB levels in women
from each of the four geographic areas of Alaska are higher
than those reported in the Dorgan study of women in Mis-
souri (30). Within the Alaska Native women study popula-
tion, total PCB levels in women born in the northwestern
(948 ng/mlL) and southwestern (9.64 ng/mlL) areas were
about twice those of women born in south central (4.45 ng/
mL) or interior Alaska (5.68 ng/mL). No such difference was
noted for p,p-DDE.

Table HI displays these
that used these elevat-
1g levels in similar-aged
 Missouri, Dorgan used
also reported lipid-cor-
n data came from 200
llected between 1977
ia Missouri Cancer Se-

in this population was
an total PCB level was
other 2 studies in Table
ors were used to calcu-
rgan study used the 28

zeneral p opulation
p,p-DDE and 2.0 ng/mL

Year of Sample Study
area

Table IV. Mean level of organochlorine analytes among women in each geographic areq, defined as where the participant lived at the time

1980 - 1987 Alaska of cancer diagnosis or equivalent date for control subjects.
1977 - 1987 Missouri - -
Southcentral Northwestern Southwestern Interior
1964 - 71 California Mean (sd) Mean (sd) Mean (sd) Mean (sd)
(ng/ml) (ng/mL) (ng/ml) (ngml)
1985 - 91 New (n=47) (n=28) (n=50) (n=6)
York )
Dieldrin 0.19 (0.24) 0.38 (0.41) 0.24 (0.28) 0.48 (0.14)
they specify recovery Hexachlorobenzene 1.35 (1.18) 4.08 (2.13) 3.03 (1.54) 1.44 (0.89)
he PCB congeners 28, 52, hio 4
195, 201 203, and 206, Hexachlorocyclohexane 0.28 (0.40) 0.43 (0.54) 0.32 (0.42) 0.20 (0.43)
batch had traces of a peak Oxychlordane 0.25 (0.42) 0.88 (0.80) 0.70 (0.74) 0.39 (0.23)
p.p-DDE 9.54 (4.04) 9.47 (5.99) 8.54 (4.68) 8.48 (4.07)
) . p.p-DDT 0.63 (0.88) 0.92 (1.10) 0.82 (0.97) 1.63 (0.80)
ita is the Environmental
n Monitoring Program, trans-Nonachlor 0.41 (0.60) 1.49 (1.29) 125 (1.12) 0.41 (0.23)
Total PCBs * 445 (4.12) 9.48 (5.82) 9.64 (6.38) 5.68 (1.83)

xposure to various pes-
second National Health
IHANES If), 1976-1980.
ation (women and men
DDE and that those ex-
sing from 11.8 ng/mL to

* Total PCBs were cakulated as the sum of the PCB congeners 28,52, 56, 66, 74, 101, 105, 110, 118, 138, 146, 153, 156, 170,
£72, 177,178, 180, 183, 187,189, 193, 194, 195, 20}, 203, and 206. Congener 99 was not used in the calculation of total PCBs
because the reagent blank run with this batch had traces of a peak ar the same time as PCB-99.

- DISCUSSION

dhical animal data are
ble to see if it reflected
rved among the Alaska
d by location, but all of

This paper reports levels of organochlorines in Alaska Native
women. Our results are for women only and are derived
from serum collected in the {980s. The study demonstrates
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justed results (28, 29) or whether lipid adjustment alters their
crude results. Whereas some studies have reported that fip-
id-adjusted results reflect more precise estimates than do
crude results (8), we found that fipid adjustment did not sig-
nificantly alter the findings in our case-control study (25).

Another potential problem concerns the recovery value
inherent to every individual laboratory extraction method.
Crude organochiorine values are those readings reported by
the instrument. Each laboratory must also analyze spiked
samples of known strength to determine the percentage that
is recovered during a specified procedure. Recovery-correct-
ed values are obtained by taking the unadjusted value and
dividing by the proportion recovered (26). In a case-control
study, it is valid to compare crude (i.e., not recovery correct-
ed) values, but these values may not provide a valid basis for
comparison to results from other studies. Many of the publi-
cations regarding human levels of organochlorines are based
upon case-control statistical analyses and do not mention
whether their data have been recovery corrected. Because
recovery correction may increase values by 30%, the correc-
tion status of the results must be defined and accounted for
when data are compared with results from other studies.

Results from different studies may also vary because of
such basic technical realities as limit of detection constraints.
For example, methods currently used in the CDC laboratory
have a 95% detection limit for p,p-DDE of 0.41 ng/mL, and
detection limits for PCB congeners that range from 0.11 -
0.30 ng/mL. In the same laboratory, methods from less than 5
years ago had detection limits of 1.0 ng/mL for p,p-DDE and
2.0 ng/mL for total PCBs. Differences in detection limits will
determine how many subjects are included in mean value
calculations and the percentage reported as having detect-
able levels of the substance for which we are testing.

CONCLUSION

The organochlorine levels we found in serum from 131 Alas-
ka Native women provide a reference baseline for exposure
manifested in the {980s. Organochlorine levels in Alaska
Native women were similar to those of women elsewhere in
the U.S., although the route of exposure to many organochlo-
rine compounds appears to be different in Alaska than other
geographical areas in the US. Because of differences in labo-
ratory methods and reporting practices, all comparisons be-
tween our study population and others reported in the liter-
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ature must be made cautiously.

This study reflects one point in time; no trend data are
presently available for the Alaska Native populations. We
have used the results of this study to develop a project that
will define changes in organochlorine exposure levels over
time, using individual dietary information to more fully char-
acterize exposure patterns and provide insight into the inter-
pretation of organochlorine levels among Alaska Native
women.
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